SPECIFICATION 

BE IT KNOWN THAT WE, SEI TSUNODA, HIDEHARU 
NOBUTOKI and NOBORU MIKAMI, all residing at c/o MITSUBISHI 
DENKI KABUSHIKI KAISHA, 2-3, Marunouchi 2-chome, Chiyoda-ku, 
TOKYO 100-8310 JAPAN, subjects of Japan, have invented certain new 
and useful improvements in 

LOW DIELECTRIC CONSTANT MATERIAL HAVING THERMAL 
RESISTANCE. INSULATION FILM BETWEEN SEMICONDUCTOR 
LAYERS USING THE SAME. AND SEMICONDUCTOR DEVICE 



of which the following is a specification:- 



LOW DIELECTRIC CONSTANT MATERIAL HAVING THERMAL 
RESISTANCE INSULATION FTLM BETWEEN SEMICONEDUCTOR 
LAYERS USING THE SAME. AND SEMICONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 
The present invention relates to the low dielectric constant 
material having thermal resistance, an insulation film between 
semiconductor layers using the same, and the semiconductor device. 

Along with improvement in speed and high integration of a 
semiconductor device, the problem of signal retardation has become 
serious. The signal retardation is expressed with the product of 
resistance R of a wire and capacity C between wires and between layers. 
In order to suppress the retardation to the minimum, it is an effective 
means to lower the dielectric constant of an insulation film between 
layers, as well as to lower resistance of wiring. 

Recently, in order to lower the dielectric constant of an 
insulation film between layers, there is proposed a method for forming 
an insulation film between layers using a silicon oxide film (SiOF film) 
wherein the fluorine atom is incorporated. Moreover, since an organic 
compound material can relatively lower dielectric constant, there is 
proposed a method for forming an insulation film between layers by 
using a parylene deposit film or a polyimide film wherein a fluorine atom 
is incorporated (Hideki Shibata, Densijyouhoutsuusin Gakkaishi Vol.80, 
No.3 p235(1997)). 

By the way, the dielectric constant of the insulation film 
between layers becomes lower than that of the conventional film, when 
the insulation film between layers is formed by the above SiOF film. 
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However, a dielectric constant thereof becomes about 3.2 to 3.5, 
capacity between wires can not be reduced and signal propagation delay 
of wires can not be sufficiently prevented. 

Moreover, the dielectric constant 2.7 is attained by using the 
5 film wherein the fluorine atom is incorporated into the polyimide and 
aryl ether polymer, when an insulation film between layers is formed 
with the organic compound material mentioned below. But it is not still 
sufficient. By using deposit film of parylene a dielectric constant 2 A 
can be attained, but the process for preparing a semiconductor device is 

10 limited, since thermal resistance is only about 200 to 300 °C. 

The dielectric constant of 2.0 to 2.5 has been reported in 
porous Si0 2 film. But there is a problem that mechanical strength 
(CMP polishing process resistance) is low due to high porosity, and a 
pore diameter varies. 

15 Since thermal conductivity of these polymeric materials and 

porous Si0 2 film is lower than that of the conventional insulation film 
between layers of Si0 2 , there is a problem that the wiring life is degraded 
(electromigration) by the wire temperature rise. 

As mentioned above, the insulation film between layers has 

20 been desired, which has low dielectric constant and is excellent in 
thermal resistance, mechanical strength, and the thermal conductivity. 
Concretely, in design-rule 0.13 to 0.10 pi, the film is required, which 
has mechanical strength and thermal conductivity not less than an Si0 2 
film, dielectric constant of at most 2.4, and thermal resistance (thermal 

25 decomposition temperature) of at least 450 °C. 
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SUMMARY OF THR TNVRNTION 
The object of the present invention is to provide the low 
dielectric constant material, which is excellent in thermal resistance, 
has low dielectric constant and can be applied to appliances of 
5 semiconductor device and electric circuit, an insulation film between 
semiconductor layers using the same, and the semiconductor device. 

The low dielectric constant material having thermal 
resistance of the present invention contains borazine skeletal molecules 
shown by the following formula (1), (2), or (3) in an inorganic or organic 
* io material molecule. 
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The semiconductor insulation film between layers of the 
present invention comprises the low dielectric constant material having 
thermal resistance. 

The semiconductor device of the present invention contains 
the semiconductor insulation film between layers comprising the low 
dielectric constant material having thermal resistance. 

DETAILED DESCRIPTION 
The material containing borazine skeletal molecules in an 
inorganic or organic material molecule of the present invention is 
synthesized according to condensation reaction by using borazine as a 
starting material, which has a basic unit of borazin shown by the 
following formula (4) (which is called as inorganic benzene or borazol). 
The synthesized material can be applied to a semiconductor insulation 
film between layers by forming a thin film, and an excellent 
semiconductor device can be produced by using the semiconductor 
insulation film between layers. 
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The present invention can improve thermal resistance, since 
the inorganic polymer material is used, which is excellent in thermal 
resistance compared with the organic polymer material, 
yp 10 The reasons why the material of the present invention can 

lower the dielectric constant are follows. 
Sp That is, the dielectric constant e is generally described with 

CP sum of polarization such as electron polarization, atom polarization, 

O orientation polarization, and interface polarization. But it is sufficient 

W 15 to consider only the electron polarization and the atom polarization as 
CI polarization controlling dielectric constant, as long as there is no 

contribution of interfacial polarization in the high frequency region of at 
least 1MHz in the present invention, and there is used the material 
showing no orientation. The present invention is completed by results 
20 of molecular design for searching the material with the small 
polarizability of both electron polarization and atomic polarization. 
If molecular polarizability a is defined as 
a = a (electron polarization) + a (atom polarization) 
dipole-moment p of a molecule is given as a function of an electric field E 
25 and basic coordinate q of a molecule. The electron polarization and the 
atom polarization can be evaluated by differentiating the dipole moment 
]x with the electric field E. 
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du(E,q) / dE = 8u(E,q) / 5E + 8u(E,q) / 8q 8u / 8E 

a (electron polarization) = 8u(E,q) / 8E 

a (atom polarization) = 8u(E,q) / 8q Su / 8E 

= 8u / Sq (8 2 E / 8q Sq) 1 Sp / 8q 
= Su / SqfK)- 1 8u /6q 
As shown above, the atom polarization is in inverse 
proportion to bonding strength k (force constant) between atoms. 

Next, concrete calculation method of the polarizability a is 
explained as follows. Dielectric constant e of fluorinated parylene is 2 .4 
as mentioned above, and molecular orbital calculation was carried out 
in the model compounds shown in the following formula (5) to (10). 
Table 1 collectively shows the results of calculation. 
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TABLE 1 



formula formula formula formula formula formula 
2 3 4 5 6 7 

a (election ^ 4g 103 12Q 3g 8? 1Q1 
polarization) 

5 a (atom o.ll 0.21 1.35 1.81 3.92 3.76 
polarization) 

(molecular 4g n 10 3.21 121.35 40.81 90.92 104.76 
polarizabihty) a 



As is clear from Table 1, it is found out that molecular 
10 polarizability a in the borazine system (formula (8), (9) and (10)) is 
smaller than that in the hydrocarbon system (formula (5), (6) and (7)). 
Namely, the borazine system theoretically shows a small dielectric 
constant. The molecular polarizability ratios of each system are as 
follows, respectively. 
15 Formula (8) / Formula (5) =0.85 
Formula (9) / Formula (6) =0.88 
Formula (10) / Formula (7) =0.86 

It shows that it is predicted that dielectric constant £ of the 
borazine system (formula (10)) is 2.0 to 2. 1, since the dielectric constant 
20 £ of fluorinated parylene (formula (7)) is 2.4. 

From the calculation results, examples of the material 
containing borazine skeleton molecule in its molecule, which is 
especially applicable to the present invention, are the inorganic or 
organic material containing the molecule shown in the formula (11) to 
25 (17) in their molecules. Examples of the inorganic material are 
silicates, silazanes, silsequioxanes, siloxanes, silanes and the like. 
Examples of the organic material are poly(aiyl ether), parylene, 
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polyphenylene, polyphenylenevinylene, polybenzocyclobutene, and the 
like. 
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The low dielectric constant materials of the present invention 
can be prepared by the method described in, for example, "Yoshiharu 
Kimura, Sennitokogyou, Vol.52, No.8, p34 1(1996)*, "Paine 85 Sneddon, 
Recent Developments in Borazine - Based Polymers, "Inorganic and 
Organometallic Polymers", p359, American Chemical Society, (1984)", 
and the like* That is, the materials can be obtained by condensation 
reaction of borazine as the starting material due to heating, or by 
synthesizing a prepolymer and then polymerizing it, or the like. 

In the above synthesis, there may be used a solvent, which 
can homogeniously disperse or dissolve a borazine raw material and a 
borazine prepolymer. Examples thereof are various alcoholes such as 
methanol, ethanol, propanol and butanol; acetone, benzene, toluene, 
xylene, and the like. 

In addition, the polymer is excellent in thermal stability, 
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although it is necessary to handle borazine carefully since borazine may 
be ignited spontaneously in air. 

When it is used as an LSI insulation film between layers, the 
low dielectric constant material can be applied to the substrate by spray 
coating method, dip coating method, the spin coat method, and the like. 
The low dielectric constant material is previously dissolve or disperse 
into the solvent such as acetone, benzene, glyme, tetrahydrofuran, or 
chloroform. The concentration is preferably 10 to 30 % by weight. 
Subsequently, the insulation film is obtained by drying and heating. 
The thickness of the film is preferably 0.3 to 0.8 pm. 

When the material is used as a bulk of a low dielectric 
constant substrate, it is put into a mold and heat to form the article. 
The insulation film of the present invention can be applied to various 
electric appliances such as an insulation film between layers for LSI 
device and IC substrate. 

Next, the low dielectric constant material of the present 
invention is concretely explained by using examples. 

EXAMPLE 1 

Soluble borazin was synthesized according to the method of 
Fazen et al, (Faren et al., Polymer Preprints, Vol.32, p544, 1991). 

That is, 5,000mg of borazine was heated in Ar air with 
stirring and depressurizing at 70 °C for 12, 24, 36, 48, 60, and 72 hours, 
respectively to obtain each liquid having low to high viscosity. The 
liquid was evaporated to obtain white powder A to F in amounts of 
3,500mg, 4,200mg,. 4,500mg, 4,700mg, 4,730mg, and 4,750mg, 
respectively. Chemical structure of the samples A to F are shown in the 
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following formula (18). 
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For example, average molecular weight (Mn) of the sample B 
10 is about 1,000, and molecular formula thereof is B 3 N 3 H 4 (n=13, R=H, end 
group=H or borazinyl). Average molecular weight (Mn) of the sample F 
is about 3,500, and molecular formula thereof is B 3 N 3 H 3 (n=46, R=H or 
borazinyl, end group=H or borazinyl). 

Samples A to F were dissolved and dispersed into acetone in 
15 concentration of 25 % by weight, and by the spin coat method the 
solutions were applied onto the quartz plate wherein gold was deposited 
as a counterelectrode. Then, the applied film was dried at 70 °C for 10 
minutes (applied films A to F, respectively) and heated at 400 °C for 10 
minutes (applied films G to L, respectively). Gold was deposited onto 
20 these as a main electrode. Applied films G to L have molecular formula 
- B 3 N 3 H 2? are partially crosslinked, and have thickness of 0.4, 0.8, 1.1, 
1.3, 1.8, and 2.0 jim, respectively. 



EXAMPLE 2 

25 There was used 2,000 mg of white powder of poly(amino- 

borazinyl), which was prepared by the method of Narula et al. (C. K. 
Narula, R. Schaeffer, R. T. Paine, A. K. Datye, W. F. Hammetter, 
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J.Am.Chem.Soc., Vol.109, p5556, and 1987). It was dispersed into 
acetone, and the dispersing solution having concentration of 20 % by 
weight was applied by the spin coat method in the same manner as 
Example 1. After applied film was dried at 70 °C for 10 minutes 
(applied film M), gold was deposited thereon as a main electrode. The 
applied film M has molecular formula ~ B 3 N 3 H 2 , are partially crosslinked, 
and have thickness of 0.5 pm. 

EXAMPLE 3 

Into benzene was dissolved 2,000 mg of B-vinylborazine 
which was prepared by the method of Lynch (A. T. Lynch, L. G. Sneddon, 
J.Am.Chem.Soc, Vol.111, p6201, 1989). In the presence of 1.6 mol % 
of (azobisisobutyronitorile) (AIBN), the solution was heated at 70 °C for 
20 hours to obtain a benzene solution ( concentration of 10 % by weight) 
of poly(B- vinylborazine) (average molecular weight (Mn) of about 10,000). 
It was applied by the spin coat method in the same manner as Example 
1. After applied film was dried at 70 °C for 10 minutes (applied film N), 
gold was deposited thereon as a main electrode. The applied film N has 
molecular formula ~ B 3 N 3 H 2 , are partially crosslinked, and have 
thickness of 1.5 pra. 

EXAMPLE 4 

Into benzene were dissolved 3 mole of B-vinylborazine used in 
Example 3 and 1 mole of styrene to obtain a benzene solution 
(concentration of 10 % by weight) of poly(styrene-co-B-vinylborazine) 
(average molecular weight of about 50,000). It was applied by the spin 
coat method in the same manner as Example 1 . After applied film was 
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dried at 70 °C for 10 minutes (applied film O), gold was deposited 
thereon as a main electrode. The applied film O has molecular formula 
~ B 3 N 3 H 2 , are partially crosslinked, and have thickness of 1.8 pm. 

Dielectric constants of the applied films A to O were 
measured at 25 °C and 1 MHz by using an impedance analyzer (4 191 A 
made by Hewlett Packard). Results of measurement are collectively 
shown in Table 2. 



TABLE 2 



coating film 


dielectric 
constant (1MHz) 


Coating film 


Dielectric 
constant (1MHz) 


A 


2.15 


I 


2.30 
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2.16 
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2.29 


C 


2.05 
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2.28 


D 


1.98 


L 


2.35 
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2.23 


M 


2.38 


F 


2.25 


N 


2.01 


G 


2.36 


O 


2.11 


H 


2.28 







The applied films A to O obtained in Examples 1 to 4 have 
dielectric constant of at most 2.4. These results show that the 
substrate having low dielectric constant can be obtained. 

Also, these substrates have thermal resistance of at least 450 
°C since it is known that these borazine polymer compounds are 
graphitized by heating at 1,000 to 1,200 °C (Supervised by Naruyuki 
Kajiwara, "Application View of Inorganic Polymer", p70, 1990). 

According to the low dielectric constant material of the 
present invention, there can be provided the low dielectric constant 
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material having thermal resistance, which has specific dielectric 
constant of at most 2.4 and thermal resistance of at least 450 °C. 

According to the semiconductor insulation film between 
layers and the semiconductor device of the present invention, there can 
5 be provided the semiconductor insulation film between layers, which 
has specific dielectric constant of at most 2.4 and thermal resistance of 
at least 450 °C. Since electronic signal retardation becomes small by 
applying the insulation film to a semiconductor device such as a IC 
substrate, or electric appliances, high speed of the device can be 
10 achieved. 



